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1.0 


INTRODUCTION AND SUMMARY 


Atlantic Research Corporation (ARC) contracted with NASA to manufacture 
and deliver thirteen small scale Solid Rocket Motors (SRM). These motors, containing five 
distinct propellant formulations, will be used for plume induced radiation studies. The 
information contained herein summarizes and documents the program accomplishments and 
results. 


Several modifications were made to the scope of work during the course of 
the program. The effort was on hold from late 1991 through August, 1992 while propellant 
formulation changes were developed. Modifications to the baseline program were 
completed in late-August and Modification No. 6 was received by ARC on September 14, 
1992. The modifications include changes to the propellant formulation and the nozzle 
design. 


The required motor deliveries were completed in late-December, 1992. 
However, ARC agreed to perform an additional mix and cast effort at no cost to NASA and 
another motor was delivered in March, 1993. 

2.0 ACTIVITIES 

The initial program required refurbishment of NASA supplied hardware and 
the loading of fourteen motors with a specified propellant formulation. One motor was to 
be static tested as a demonstration or qualification unit. It was subsequently discovered that 
the motor cases and forward closures had been insulated with material containing asbestos. 
As a result of asbestos disposal issues, new cases and closures were purchased along with 
the required canted nozzles. 

Prior to the initiation of propellant casting, NASA developed a need for 
motors containing a number of different propellant formulations in lieu of the original 

1 



single formulation. The nozzle design was also changed from canted to axisymmetric. 


A Propellant Mix Plan (Attachment 1) and a Motor/Propellant Matrix 
(Attachment 2) were developed utilizing five distinct propellant formulations to meet the 
new requirements. Since Maximum Expected Operating Pressure (MEOP) was of major 
concern, the formulation for Motor #5 was selected for the demonstration test This 
formulation was expected to yield the highest burn rate. Propellant checkout mixes were 
conducted to verify that burn rate and MEOP could be controlled within contract limits. 
The schedule by which the work was performed is included as Attachment 3. 

Following a successful checkout mix and associated Rohm and Haas (R&H) 
testing, the demonstration motor was successfully tested on November 6, 1992. NASA 
representatives witnessed the test of motor SOSM-OO. In addition to the 
thrust/pressure/time data measured by ARC, we assisted NASA personnel with the 
measurement of plume infrared radiation data. NASA provided instrumentation and ARC 
collected and recorded data. 

Analysis of the R&H results yields maximum pressure predictions for the 
corresponding full scale motor. As can be seen from the analysis of Rohm and Haas 05 and 
06, Motor #2 could experience peak pressures up to 750 psi which is approximately 4% 
above the allowable maximum pressure. Our structural analysis of the motor components 
indicated a factor of safety of 4 at this maximum pressure. Based upon the structural 
analysis, a deviation (Attachment 14) was issued granting relief from the 720 psi MEOP 
requirement 


Test data for each mix and the demonstration motor are included as 
Attachments 4 through 11. These data reports are keyed to the Propellant Mix Plan. The 
first propellant checkout mix (Mix #1) yielded results so close to requirements for the test 
motor that a second mix (Mix #2) was not needed. Therefore, there were no Rohm and 
Haas Motors 03 and 04. 
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X-ray results for Motor #6, the PBAN Motor, indicated the presence of two voids 
which rendered the motor unacceptable. Recognizing the importance of the PBAN motor 
to the planned NASA test program, ARC elected to perform an additional mix and cast at 
no cost to NASA. The effort was successful and the new motor was designated SOSM-14 
PBAN/16.0. Motor #6 was subsequently scrapped at ARC. 

3.0 SHIPMENTS 

The 13 canted nozzles originally purchased for use on the program and the 
spent motors containing asbestos were shipped to NASA on October 30, 1992. 

Motors 1 through 5 and 7 through 13 were shipped on December 28, 1992. 
The replacement for Motor #6, SOSM-14 PBAN/16.0, was shipped on March 8, 1993. 

Copies of the DD Form 250 and the ARC Packing Lists for these shipments 
are included as Attachment 15. 
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PROPELLANT MIX PLAN 
NASA Refold 


Task Description 

1. Mix #1: Formulation 5 in 60-qt Hobart 
Cast R&H-01 & -02 

Perform physicals, strands, &. bond tes ts 

2 . Assemble and fire R&H-01 & -02 
Reduce data 

Adjust burn rate and physicals (AR) 

3. Mix #2: Formulation 5 in 60-qt Hobart 
Cast R&H-03 & -04 

Perform physicals, strands, & bond tests 

A. Assemble and fire R&H-03 & -04 
Reduce data 

5. Mix #3: Formulation 5 in 140-qt Hobart 
Cast R&H-05 & -06 

Cast SOSM-OO for test 

Perform physicals, strands, & bond tests 

6. Assemble and fire R&H-05 & -06 
Assemble and fire SOSM-OO 
Reduce data SCSM-00 

T Mix #4: Formulation 2 in 140-qt Hobart 
Cast SOSM-02 and R&H-07 & 08 
Perform physicals, strands, & bond tests 
Assemble and fire R&H-07 & 08 
Deliver SOSM-02 

8. Mix #5: Formulation 1 in 140-qt Hobart 
Cast SOSM-Ol and R&H-09 & 10 
Perform physicals, strands, & bond tests 
. iJ^cml'le art! fire R&ii 09 & 10 
Deliver SOSM-01 

V. Mix #6: Formulations 3,9,10,11,12,13 in 150-gal Hbrt 
Cast SOSM-03, 09, 10, 11,12,13 & R&H-ll & 12 
Perform physicals, strands, & bond tests 
Assemble and fire R&H-ll & 12 
Deliver SOSM-03, 09, 10, 11, 12, 13 


Notes 

Checkout highest 
rb ASRM variation 
first 


Checkout lowest rb 


Interpolate based on 
formulations 5 & 2 


MB9CMJ 
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PROPELLANT MIX PLAN CONTINUED 
NASA Reload 


Taslc Description 

10. Mix #7: Formulation 4 in 150-gal Hobart 
Cast SOSM-04,05,07,08 and R&H-13 & 14 
Perform physicals, strands, & bont tests 
Assemble and fire R&H-13 &t 14 
Deliver SOSM-04, 05, 07,08 

11. Mix #8: Formulation 6 in 140-qt Hobart 
Cast SOSM-06 and R&H-15 &. 16 
Perform physicals, strands, & bond tests 
Assemble and fire R&H-15 & 16 
Deliver SOSM-06 


Kptw 
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NASA RELOAD 

MOTOR/PROPELLANT MATRIX 


Motor # 

Binder 

Type 

A1 

% 

A1 

Size 

AJ 

Shape 

Ox-Ap 

Cors/Fine 

% 

Solids 


1 

HTPB 

21 S 

30um 

Flake 

200/20um 

70/30% 

8S 

Axisymmetric 

2 

HTPB 

ns 

30um 

Flake 

200/20um 

70/30% 

88 

A risym metric 

3 

HTPB 

19.0 

30um 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 

4 

HTPB 

16.0 

30um 

Flake 

200/20um 

70/30% 

86 

Axisymmetric 

5 

HTPB 

16.0 

30um 

Flake 

200/20um 

70/30% 

86 

Axisymmetric 

6 

PBAN 

16.0 

30um 

Flake 

2OO/20um 

70/30% 

86 

Axisymmetric 

7 

HTPB 

16.0 


Flake 

200/20um 

70/30% 

86 

Axisymmetric 

6 

HTPB 

16.0 

30um 

Flake 

200/20um 

70/30% 

86 

Axisymmetric 

9 

HTPB 

19.0 

30um 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 

10 

HTPB 

19.0 

30um 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 

11 

: HTPB 

19.0 

30um 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 

12 

HTPB 

19.0 

30um 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 

13 

HTPB 

19.0 

30uro 

Flake 

200/20um 

70/30% 

88 

Axisymmetric 


MBMATRIX 
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NASA RELOAD 


Ballistic Analysis 

of 

ROHM and HAAS Motors 
01 and 02 


INTRODUCTION 

On October 13, 1992 two Rohm and Haas motors (F/N’s 02447 and 02448) were fired from 
NASA Reload Mix 1. This mix was an 86% solids, 16% aluminum, HTPB formulation with 
a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. This was designated 
formulation 5 on the motor/propeUant matrix. There were no anomalies noted in the 
firings. 

ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis code to determine the motor 
burning rate and burning rate exponent Firing number 02447 used an eroding nozzle 
throat made from Durez. Firing number 02448 used a non-eroding, ATJ graphite throat 
The burning rate exponent while the non-eroding throat provides an accurate burning rate 
value at the motor average operating pressure. 

Based on the analysis of F/N 02447, the burning rate exponent was determined to be 0.445. 
Based on the analysis of F/N 02448, the burning rate was determined to be 0.415 
inches/second at 669 psi. Using these results, the burning rate equation for this mix is: 

r = 0.02295 Pc °-“ J 
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TEST DRTR REPORT 
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hstf/^ 


NASA RELOAD R/H 


FIRING N05:02l¥7-02H<1B 
FIRING OATEsOCTOBER 13.1992 
ROTOR NOS: 15. JGB109 


RB DRTR 


PR00UC7 RS5URRNCE RPPROVRL: 




RTLRNT1C RESERRCH CORP 
5945 WELLINGTON RORD 
GAINESVILLE. VR 220BS 

PROPULSION TEST GROUP 


OCTOBER TV. 1992 




TEST DATA SLMttRT 

Tett ID : NASA RELOAD 

Acct Mo. 38-6464-M6-1000 

Motor Mo. IS 

Grain Mo. 109663-T 

Pro. Vgt . 514*. 0000 grm 

Web 0.9800 In. 

TIME values 
(teconda) 


Mring N irt>er 02U7 
Date Teeted 13*Oct*92 
Dond- Terp. 70.00 Deg. t 
Art) lent Terp. 57 .OO Deg. t 
let Ruaidity 60.00 X 
■areneter 29.95 (rtfg 


Ignition Detay ( 0 • 

lot) 

0.0525 

Action Tine (10% - 

lot) 

2.4000 

Total Tian < 0 * 

0 ) 

2.4701 

INTEGRALS 

CHN ID 

TOTAL 

ACTION 

00 PRESS-A (PSIA) 

1724.5 

1722.6 

01 PRESS-S (PSIA) 

1727.5 

1725.5 

02 THRUST-A (LIE ) 

2655.5 

2654.2 

03 THRUST-1 (LSI > 

2674.4 

2673.0 


Ignition Rite <10% - 75%) 0.0520 

Tine (10% - TAM) 2.3552 

AVERAGES 


BURN 

ACTION 

URN 

MAXIMUM 

1709.9 

717.8 

726.0 

072.0 

1712.5 

719.0 

727.1 

072.3 

2634.8 

1105.9 

1118.7 

1266.3 

2653.4 

1113.8 

1126.6 

1269.0 


Observed turn Rate • 0.4161 Wtee. 8 
Specific Irpulae • 234.1590 tbf-s/lba 
Action / Burn Tine • 1.0190 


726.0 pel# 
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NASA RELOAD 

NOTCH NO. JGB 199 

TRESS -A — o- TRESS-B 


FIRING NO. 9211B l*-Oct-9Z 
NW ■ 7 G/T 79 
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1000 


900 


200 


-200 


TINE (SECONDS) 


TEST DATA SUWtARY 

Test ID : VASA RELOAD 
Acct Re. 34 - 6464 -R6- 1000 
Motor Ro. JGR 109 
Creln Ro. R09663-T 
Pro. Wgt. S143.0000 grm 

Vtb 0.9815 In. 

TINE VALUES 
(second*) 


Plrins Rirter 02448 
Dat# Tested 13-Oet-92 
Cor’d- Tamp. 70.00 Deg. P 
Aatitant Tamp. 57.00 Oeg. P 
Rat Huaidity 60.00 X 
Saronater 29.95 ir*g 


Ignition Delay ( 0 • 10X) 0.0333 


Action Tie* (10X • 

10X) 

2.4640 

Total Tine ( 0 - 

0 ) 

2.5197 



INTEGRALS 

CHH ID 

TOTAL 

ACTION 

00 PRESS-A (PSIA) 

1664.8 

1663.4 

01 PRESS-0 (PSIA) 

1665.5 

1664.1 

02 THRUST-A (LRP ) 

2603*1 

2602.3 

03 THRUST -R (LRP ) 

2616.6 

2617.7 


Ignition Rise (10X - 75X) 0.0352 

•urn Tine (10X - TAN) 2.4096 

AVERACES 


IURN 

ACTION 

OURN 

KAX1KM 

1645.9 

675.1 

683.1 

708.2 

1646.7 

675.4 

683.4 

707.6 

2577.9 

1056.2 

1069.9 

1152.1 

2593.1 

1062.4 

1076.2 

1160.0 


0.4073 In/tec. 8 
229.5662 tbf-s/tba 
1.0226 


Observed Rurn lata • 
Specific Impute* a 
Action / Rurn Tine a 


643.1 pale 








NASA RELOAD 


Ballistic Analysis 

or 

ROHM and HAAS Motors 
05 and 06 


INTRODUCTION 

On November 3, 1992 two Rohm and Haas motors (F/N’s 02478 and 02479) were fired from 
NASA Reload Mix 3. This mix was an 86% solids, 16% aluminum, HTPB formulation with 
a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. This was designated 
formulation 5 on the molor/propellant matrix and was identical to Mix 1. Due to an 
operator error, the thrust data on F/N 02479 was not properly acquired. No meaningful 
data can be acquired from this firing since the thrust data is critical to the analysis of this 
motor. The data from the remaining motor is sufficient to determine the acceptability of 
this batch. 

ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis code to determine the motor 
burning rate. Firing number 02478 used a non-eroding, ATJ graphite throat The non- 
eroding throat provides an accurate burning rate value at the motor average operating 
pressure. 

Based on the analysis of F/N 02478, the burning rate was determined to be 0.383 
inches/second at 565 psi. Using these results, and the burning rate exponent of 0.445 
obtained from Mix 1, the burning rate equation for this mix is: 

r = 0.02283 Pc a445 

This is 0.52% lower than Mix 1 and is within the acceptable range. 
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TEST DATA REPORT 

NflSR RELORD R/H 


FIRING NOS: 02478-02479 
FIRING DRT£ ; NOVEMBER 3.1992 
MOTOR N05:RR5M-5.RR5N-14 




RTLRN71C RESERRCH CORP 
594S NELL 1NGT0N RORD 
GAINESVILLE. VR 22065 


PROPULSION TEST GROUP 

NOVEMBER 3,1992 

SPECIFICATION: .. 

OfiTB REDUCTION!. 


ENGINEERING RPPROVRL: 



ccb* 


DISCREPANCIES NOTEO: 


. . C. 1 1 . . Trtd . P. .«r. . . . aptt'falfci . . 

• •••••••(•• * • • » • T, » «*5 ? «|^ • » • • • • 1 « « 


mSABELOftDim FIRING HO. *2478 l-fc>*-S2 

NO TOR HO. AASn-5 WG • 6 OT 78 



TEST DATA SLMLARY 

Test tD : USAAEIOADR/N 
Acct No. 38 6464 * N6 * 1000 
Kotor No. AASM*$ 

Crain No. BU9681-T 

fro. Vgt. 5225 .6001 grw 

Web 0.9940 In. 

TIME VALUES 
(seconds) 


firing Nufcer 02478 
Date Tested 3- Nov* 92 

Cord. Tcflp. 70.00 Deg. f 
Art>icnt Tmp. 64.00 Deg. f 
Ret Ikaitfity 68.00 S 
Mramter 29.83 InNg 


Ignition Delay ( 0 * 101) 0.0309 


Action Tie* 

(101 - 

101) 2.6860 

Total Tlar 

< 0 • 

o ) 2 .ra? 




INTEGRALS 

CKH 10 


TOTAL 

ACTION 

00 PRESS-1 

(PSIA) 

1538.1 

1536.8 

01 PRESS-2 

(fSIA) 

1534.7 

1533.5 

02 THRUST *1 

(Llf > 

2611.4 

2610.6 

03 THRUST-2 (LOT > 

2614.1 

2613.3 


Ignition Rise (101 • 751) 0.0440 

Sum Tim (10X - TAI) 2.6400 

AVERAGES 


BURN 

ACTION 

BURN 

MAXIMUM 

1524 .5 

572.2 

577.5 

603.8 

1521.4 

570.9 

576.3 

601.7 

2592.2 

971.9 

981.9 

1077.9 

2594.9 

972.9 

982.9 

1079.2 


0.3765 in/sec. 8 
226.6741 tbf»s/tba 
1.0174 


Observed turn Rate * 
Specific I^xitse » 

Action / %<xr\ T is* ■ 


577.5 pete 






"ASAKELOADMl FIRING HD. §2179 3-Hov-S2 

HO TOR HO. M HUG * 6 OT 7i 



TINE (SECONDS) 


TEST DATA SUMMIT 

Test ID : NJSAJtEtQADt/H 

Acct No. 38 6464- K6- 1000 

Kotor No. U 

Crain No. B09681T 

fro. Wgt. 5162.3999 grmm 

Web 0.9645 fn. 

TIKE VALUES 
(seconds) 


Firing lj£*r 02479 
Date Tested 3-Nov-92 
Cord. Teep. 70.00 Deg. F 
Aafcisnt Teep. 64.00 Deg. F 
■el aridity 68.00 X 
■arcaeter 29.83 InMg 


Ignition Delay ( 0 * 10X) 0.0289 
Action Ttae (10X - 10X) 2.3440 
Total Tlaa ( 0 - 0 ) 2.3989 





INTEGRALS 

CHM 

ID 

TOTAL 

ACTION 

00 

PRESS-1 (PS1A) 

1630.9 

1629.3 

01 

PRESS-2 (PSIA) 

1629.0 

1627.5 

02 

THRUST-1 UBF > 

2442.4 

2441.3 

03 

THRUST-2 (LIE ) 

2446.9 

2447.6 


ignition tlaa (10X - 73X) 0.0360 

Oum Ttae (10X * TAN) 2.4440 

AVE RACES 


feAN 

ACTION 

Ml 

MAXIMUM 

1597.4 

640.5 

653.6 

762.1 

1595.6 

639.7 

652.9 

761.1 

2369.4 

959.6 

977.7 

997.0 

2395.4 

962.1 

960.1 

996.7 


0.4028 iry/sec. 8 
214.6023 tbfs/ite 
T.0409 


Observed turn fate ■ 
Specific Irputse • 
Action / turn Tiaa ■ 


653.6 pais 
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NASA RELOAD 


> 


Ballistic Analysis 
of 

Demonstration Motor 
SOSM-OO 


INTRODUCTION 

On November 6, 1992 a full scale motor from NASA Reload Mix 3 was fired (F/N 80956). 
This mix was an 86% solids, 16% aluminum, HTPB formulation with a bi-modal (200/20 
micron) AP distribution in a 70/30 ratio. This was designated formulation 5 on the 
motor/propellant matrix and was identical to Mix 1. 

The motor operation closely matched expectations with no performance or data acquisition 
anomalies. 

ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis code to determine the motor 
operating performance. The results of this analysis are summarized in Table 1. 

The propellant burning rate was determined to be 0.426 inches/second at 655 psia. 
Assuming that the burning rate exponent is unchanged from Mix 1 at 0.445, then the 
burning rate equation for this motor is calculated to be: 

r = 0.02378 Pc 0445 inches/second 

This is 4.1% higher than the burning rate determined in the Rohm and Haas firing for this 
mix. This is typical for this type of propellant 

CONCLUSIONS AND RECOMMENDATIONS 

The maximum pressure observed of 720 psia precisely equaled the requirement Because 
of this, it is recommended that the iron oxide content of the propellant be decreased from 
0.5% to 0.25% in all future mixes. This will allow some margin on the maximum pressure 
requirement in subsequent firings. 
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Table 1. Ballistic Performance Summary 


Burn Time, seconds 

5.087 

Action Time, seconds 

5.539 

Burn Time Average Pressure, psia 

654.6 

Action Time Average Pressure, psia 

634.2 

Maximum Pressure, psia 

720.0 

Burn Time Average Thrust, lbf 

4451 

Action Time Average Thrust, lbf 

4302 

Maximum Thrust, lbf 

5677 

Nozzle Throat Efficiency 

0.998 

Thrust Efficiency 

0.956 

Total Pressure Integral, psia-sec 

3515 

Total Impulse, lbf-sec 

23839 

Propellant Weight, lbm 

100.7 


Delivered Specific Impulse, lbf-sec/lbm 


236.7 



TEST DATA REPORT 


NASA RELOAD 


FIRING NO: 80956 
FIRING DRTE : NOVEMBER 6.199? 
MOTOR NO: SOSM-OO 


LOT ACCEPTANCE TEST 


PRODUCT R55URRNCE APPROVRLt 



ATLANTIC RESEARCH CORP 
5945 WELLINGTON ROAD 
GAINESVILLE. VA ??065 

PROPULSION TEST GROUP 

NOVEMBER 6,1992 


SPECIFICATION! . 
DATA REDUCTION! 


MM.-. g.Z?. 

m 


ENGINEERING RPPROVALt. 
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test iDi NflSR RELOAD 
koto* s/Ni S0SH-00 

rtian fimat, 20 

PLOT TITLE* 


THRUST-B 


FIRING NO: 80956 

TEST DOTE* 6-N0V-92 

tn, 70.0 





80.00 160.00 2J10.00 320.00 H00.00 M80.00 560.00 640.00 720.00 
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o 


UST JOi NRSR RELORD FIRING NO; 80956 

MOTOR $'N| SDSM-00 UST ORTEi 6-N0V-92 

niKintwDi 20 in, 70.0 

PLOT TITLE: 648012 





,-28.00 -24.00 -20.00 -16.00 -12.00 


u u u 


test ID. NASA RELOAD 
koto* S/n« SOSM-OO 

flllTI mw. ZQ 

PLOT TITLE: 648011 

D 64601 1 


FIRING NO: 80956 

TEST DRTEi 6-N0V-92 
t n, 70.0 



SECONDS 


i J r P*t. 


test jo. NASA RELOAD 
hotoa s/n. SOSM-OO 

f»im» aruMcroi 20 

PLOT TITLE* 
o 

O SUB09 


64809 


FIRING NO: 80956 

TEST OfiTEi 6-N0V-92 
c/i. 70.0 







,- 28.00 - 2 H .00 - 20.00 - 16. 00 -, 12.00 - 8.00 -M .00 0.00 M .00 8.00 


test io. NftSft RELOAD 

MOTOR 5/N. S0SM-00 

m»ri tnwni 20 

PLOT TITLE: 648013 


FIRING NO: 80956 

TEST OBTE. 6-N0V-92 
t/T. 70.0 


648013 



SECONDS 


HST iDi NR$R RELORD 
KOTO* 5/Ns S0SM-00 

fliari ftmu* . 2 

PLOT TITLE: 

CUMINT 


FIRING NO: 

TEST DfiTEt 
tn» 70.0 


80956 

-NOV-92 


CURRENT 





NASA RELOAD 


Ballistic Analysis 
of 

ROHM and HAAS Motors 
07 and 08 


INTRODUCTION 

On December 3, 1992 two Rohm and Haas motors (F/N’s 02527 and 02528) were fired from 
NASA Reload Batch B09722-T. This mix was an 88% solids, 17.5% aluminum, HTPB 
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this 
batch, full scale Motor #2 was also cast There were no anomalies noted in the firings. 

ANALYSIS RESULTS 


The firing data was processed using the standard firing analysis code to determine the motor 
burning rate and burning rate exponent. Firing number 02527 used an eroding nozzle 
throat made from Durez. Firing number 02528 used a non-eroding, ATJ graphite throat 
The burning rate exponent with the non-eroding throat provides an accurate burning rate 
value at the motor average operating pressure. 

Based on the analysis of F/N 02527, the burning rate exponent was determined to be 0.4305. 
Based on the analysis of F/N 02528, the burning rate was determined to be 0.394 
inches/second at 598 psi. Using these results, the burning rate equation for this mix is: 

r = 0.02513 Pc 0003 

Full scale motor maximum pressure was calculated by comparing burning rates, exponents 
and propellant thermochemical properties to the mix 3 full scale motor. This was done 
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate. 
This value was required to calibrate the calculation to the actual mix 3 full scale motor. 
The calculated full scale maximum pressure for batch B09722-T is 750 psi which is above 
the requirement of 720 psi. 


ATTACHMENT 7 



TEST DflTR REPORT 

NRSR RELORD R/H 


FIRING N05:D2527-0252B 
FIRING ORTEtDECEMBER 3, 1 99? 
MOTOR NOS: RR5M-2. B8 


RB DRTR: B09722T 


PRODUCT RSSURRNCE RPPROVRL: 



ATLANTIC RESERRCH CORP 
S9W5 WELLINGTON RORD 
GAINESVILLE. VR 22065 

PROPULSION TEST GROUP 

DECEMBER 3, 1992 



MOO 


NASA RELOAD Jt/H 
no TOR NO. AASfl-Z 
PRESS-Z — o— THRUST- 1 


FIRING NO. ®2SZ? 3-Dec-32 

AUG * 6 C/T 70 


1000 


600 


200 


-200 



1 . . . 



^ 4 ^ 

1 

• • * * 

b- 


• • • • 






. . . . ( 

• • • • 

1 




♦ • • • 

l 

i nnn n 

CAAA « 




■ 


Test ID : NAS* RELOAD R/H 
Acct No. 38-6464-N6-1000 
Hotor No. AASM-2 
Groin No. B09722T 
Pro. Wgt. 5288.8999 gra 

Web, A 0.9960 In. 


TINE (SECONDS) 


TEST DATA SlXMARY 



firing No-tier 02527 
Oate Tested 3-Dec-92 
Cond. Temp. 

Antoient Tenp. 

Rel Humidity 
Barometer 


TIME VALUES 
(seconds) 


70.00 Deg. f 

41.00 Deg. f 

35.00 X 
29.90 inHg 


\ Ignition Delay ( 0 * 10X) 

0.0387 

Ignition Rise 

(10X • 

Action Time 

(1CX • 10X) 

2.5200 

turn Time 

(10X • 

Total Time 

C 0 - 0 ) 

2.5867 



TAN) 


0.0340 

2.4480 


INTEGRALS 


CNN 10 

00 PRESS-1 (PSIA) 

01 PRESS-2 (PSIA) 

02 THRUST-1 (LBf ) 

03 THRUST-2 (LBf ) 


AVERAGES 


TOTAL 

ACTION 

BURN 

ACTION 

BURN 

kaxikun 

1630.1 

1628.3 

1608.2 

646.2 

656.9 

786.7 

1629.2 

1627.3 

1607.3 

645.6 

656.6 

787.3 

2714.4 

2712.9 

2679.6 

1076.6 

1094.6 

1282.5 

2717.2 

2715.6 

2682.2 

1077.6 

109S.7 

1284.6 


Observed Burn Rate 
Specific Inputse 
Action / Burn Time 


0.4069 trv/sec. 8 
232.8006 tbf-s/lbn 
1.0294 


656.9 psia 



TESf INFORMATION SHEET 
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Test ID : NASA RELOAD R/N 
Acct No. 38-6464 -N6- 1000 
Motor No. 88, 

Groin No. R09722T 

fro. Wgt. 5252.6001 grro 

Web 0.9900 In. 

M 


TEST DATA SJtetART 


TIME VALUES 
(seconds) 


Firing Nirtoer 02528 
Dete Tested 3-Dec-92 
Cond. Teep. 70.00 De 
Arfclent Terp. 41.00 De 
Ret Hunidity 35.00 X 
Isrometer 29.90 in 


Ignition Delay ( 0 

• 10X) 

0.0989 

Ignition Rise (10X • 

75X) 0.0300 

Action Tine 

oox 

• 10X) 

2.5780 

»um Time (10X - 

TAN) 2.5360 

Tout Time 

( 0 

• 0 ) 

2.7069 






INTEGRALS 

AVERAGES 

CNN 10 


TOTAL 

ACTION 

•URN ACTION 

•URN MAXIMUM 

00 FRESS-1 

CPSIA) 

1520*4 

1526.8 

1515.5 592.2 

597.5 618.2 

01 FAESS-2 

(PSIA) 

1527.7 

1526.1 

15K.6 592.0 

597.5 617.4 

02 THRUST-1 

(LBF ) 

2652.2 

2651.1 

2633.8 1028.4 

1D38.6 1188.0 

03 TKRUST-2 

(IBF ) 

2648.1 

2646.9 

2629.8 1026.7 

1037.0 1188.5 

Observed Burn Kate 

■ 0.3904 in/sec. 

• 597.5 psi. 


Specific Impulse 

• 229.0377 tbf-s/ltn 


Action / Burn Tine 

• 1.0166 




F 

F 



test Information sheet 




NASA RELOAD 


Ballistic Analysis 
of 

ROHM and HAAS Motors 
09 and 10 


INTRODUCTION 

On December 17, 1992 two Rohm and Haas motors (F/N’s 02583 and 02582) were fired 
from NASA Reload Batch B09749-T. This mix was an 88% solids, 21.5% aluminum, HTPB 
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this 
batch, full scale Motor #1 was also cast There were no anomalies noted in the firings. 

ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis code to determine the motor 
burning rate and burning rate exponent Firing number 02583 used an eroding nozzle 
throat made from Durez. Firing number 02582 used a non-eroding, ATJ graphite throat 
The burning rate exponent with the non-eroding throat provides an accurate burning rate 
value at the motor average operating pressure. 

Based on the analysis of F/N 02583, the burning rate exponent was determined to be 0.4326. 
Based on the analysis of F/N 02582, the burning rate w-as determined to be 0.3583 
inches/second at 546 psi. Using these results, the burning rate equation for this mix is: 

r = 0.02345 Pc 04326 

Full scale motor maximum pressure was calculated by comparing burning rates, exponents 
and propellant thermochemical properties to the mix 3 full scale motor. This was done 
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate. 
This value was required to calibrate the calculation to the actual mix 3 full scale motor. 
The calculated full scale maximum pressure for batch B09749-T is 693 psi which is below 
the requirement of 720 psi. This batch should yield acceptable performance in full scale 
motors. 


ATTACHMENT 8 


TEST DATA REP 0 R I 


NRSR RELORD R/H 


OZ 5 » 2 .-^S ?3 

FiniNC nor,: e^i i i 0^. im- 
F1RJNC DRU:l>ECLM<ttn J7.J932 


STR1JC US15 


PRCDun PSS'JRRNLE nPrfiOVRL: I /■ Nl / ". 

/• / . > /L 


0 H& 

filLRMjC PC SL'HMCM CL' I if-* 

£9^5 KELL I title*: ML'HD 
Cfi J NE Sv | LI E. V i \ ??OL»C 

PROPULSION TEST GROUP 

DECEMBER 17,1992 





y 


TEST DATA SUKHART 


\' 0 ' 


A 




<s 




A ' 


/ 

y 


Test ID : NASA RELOAD R/M 



Firing Nurbcr 

02582 

Acct No. 38-6464-N6-1000 



Date Tested 

17-0ee*92 

Motor No. ITT108 




Cond. Tewp. 

70.00 Oeg. f 

Cr.in No. 809749-T 




Arfcient Terp. 

48.00 Oeg. f 

Pro. Wgt. 5311.6001 

Draws 



Bel timidity 

100.00 X 

WebN. 0.9850 

in. 



Barometer 

30.10 inMg 



tike values 





(seconds) 



Ignition Delay ( 0 • 

101) 0.0340 

Ignition list (10X - 90S) 0.0360 

Action Tine (1C* * 

101) 2. £296 

Burn Tine 

(10X - TAN) 2.7720 

Total Tint ( 0 • 

0 ) 2.6669 






INTEGRALS 


AVERAGES 


CHM ID 

TOTAL 

ACT ION 

BURN 

ACTION SURN 

KAX1NUM 

00 PRESS-1 (PS1 A) 

1526.4 

1525.2 * 

1509.6 

539.0 544.7 

563.7 

01 PRESS-2 (PSIA) 

1532.5 

1531.0 

1515.7 

541.1 546.8 

565.1 

02 THRUST-1 CtBF > 

2626.5 

2627.4 

2603.7 

928.5 939.3 

997.9 

03 THRUST-2 (IBF ) 

2627.2 

2626.1 

2602.4 

928.1 938.8 

996.5 

Observed Burn Rate » 

0.3553 in/sec. 

8 544.7 psie 


Specific Impulse ■ 

224 

.4685 Ibf-s/tb* 



Action / Burn Time » 

1 

.0206 








tonne — 




TEST DATA SLAKARY 


Firing Nurber 02583 
Date Tested 17-Dec-92 
Cond. Tenp. 7X».00 Deg, 
Art>ient Tenp. 48. OO Deg. 
tel Humidity 100.00 1 
la r on* ter 30.10 inHg 


TIME VALUES 
(seconds) 




Action Tie* 
Total Tiw 

CNN ID 


(10% 
( 0 


10X) 
0 > 


0.0304 

2.7468 

2.8024 

INTEGRALS 


Ignition Rise 
Sum lime 


(10X 

(10X 


901) 

TAN) 


0.0432 

2.6604 


AVERAGES 


00 PRESS-1 (PSIA) 

01 PRESS-2 (PSIA) 

02 TKRUST-1 (IIF ) 

03 THRUST-2 (IIF ) 


Observed Burn Rate ■ 


TOTAL 

ACTION 

BURN 

ACTION 

BURN 

MAXIMUM 

1651.8 

1650.2 

1628.6 

600.8 

612.2 

731.7 

1654.8 

1653.2 

1631.6 

601.8 

613.3 

732.6 

2694.3 

2693.1 

2658.5 

980.4 

999.3 

1118.2 

2691.2 

2689.9 

2655.4 

979.3 

998.1 

1117.3 

0.3751 in/sec. 

8 612.2 psfe 




F 

F 


Specific Impulse ■ 2?8.5785 Ibf-s/ltn 

Action / Burn Time • 1.0325 





TTi^rwcnnnc — 



NASA RELOAD 


Ballistic Analysis 
of 

ROHM and HAAS Motors 
11 and 12 


INTRODUCTION 

On December 4, 1992 two Rohm and Haas motors (F/N’s 02530 and 02529) were fired from 
NASA Reload Batch 3457. This mix was an 88% solids, 19% aluminum, HTPB formulation 
with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this batch, full scale 
motors 3, 9, 10, 1 1, 12, and 13 were also cast There were no anomalies noted in the firings. 

ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis code to determine the motor 
burning rate and burning rate exponent Firing number 02530 used an eroding nozzle 
throat made from Durez. Firing number 02529 used a non-eroding, ATJ graphite throat 
The burning rate exponent with the non-eroding throat provides an accurate burning rate 
value at the motor average operating pressure. 

Based on the analysis of F/N 02530, the burning rate exponent was determined to be 0.431. 
Based on the analysis of F/N 02529, the burning rate was determined to be 0.381 
inches/second at 587 psi. Using these results, the burning rate equation for this mix is: 

r = 0.02441 Pc 0431 

Full scale motor maximum pressure was calculated by comparing burning rates, exponents 
and propellant thermochemical properties to the mix 3 full scale motor. This was done 
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate. 
This value was required to calibrate the calculation to the actual mix 3 full scale motor. 
The calculated full scale maximum pressure for batch 3457 is 717 psi which is below the 
requirement of 720 psi. This batch should yield acceptable performance in full scale motors. 


ATTACHMENT 9 



TEST DRTfl REPORT 


NRSfi RELORD R/H 


FIRING ND5: D?5?S-D?53D 
FIRING ORTE : DECEMBER N.J992 
HOI OR NOS: IB. 101 


R5 DR7R 


PRODUCT RS5URRNCE RPPROVR 





RTLRNTJC RE5ERRCH CORP 
5945 WELLINGTON RCRD 
GR]NESV]LLE. VR ?2DB5 

PROPULSION TEST GROUP 

OECEMBEfi 4. 1 B92 



1100 


HAS* RELOAD R/H 

HOTOR no. IB AUG * 6 

PRESS-1 — PRESS-Z THRUST-1 


riRIMG HO. 62S29 4-Dcc-9Z 
C/T ?0 
THRUST-2 — i— 


1000 


600 


200 





• 

6 

-jf=. 

... J 


— y 1—4 

* * • ’ ll> 

►— r : ■— 4 

W 


J 



1 -4 

—A 


L__ 

1 











Jl ■■ ■■ 



5000 


0000 1.5000 
TINE (SECONDS) 


TEST DATA SUWARY 


0000 


5000 


NASA RELOAD R/H 
38-64 64-N6-1000 

16 

1457 

5379.7002 
1.0030 


firing Nmber 02529 


grans 

In. 


Date Tested 
Cond. Temp. 
Ambient Temp. 
Ret Hunidity 
Barometer 


4-Dec-92 

70.00 Deg. 

14.00 Deg. 

35.00 X 
29.90 inHg 


TIKE VALUES 
( seconds ) 



, kClonitfon Delay ( 0 
Attion Tim* 


Totat Time 


CHN ID 

00 PRESS-1 

01 PRESS-2 

02 THRUST-1 


(101 
( 0 


(PSIA) 
(PS1A) 
(LSF > 


101 ) 
101 ) 
0 ) 


03 THRUST-2 (IBF ) 


TOTAL 

1575.6 

1573.0 
2717.5 

2695.0 


0.0521 

2.6460 

1.1715 

INTEGRALS 
ACTION 


Ignition Rise 
Burn Time 


(10X • 751) 
(101 - TAN) 

AVERAGES 


1.1191 

2.6116 


1553.7 

1551.5 

2697.6 
2676.2 


Observed Burn Rate • 
Specific Impulse * 
Action / Burn Time • 


0.3838 in/sec. 
231.2790 Ibf -s/tbn 
1.0124 


BURN 

ACTION 

BURN 

KAXINUH 

1543.0 

587.2 

590.4 

1665.6 

1540.9 

566.4 

589.6 

1662.4 

2660.4 

1019.5 

1025.6 

3326.4 

2659.3 

1011.4 

1017.5 

3342.2 

B 590.4 psfa 









\0 


TEST DATA SUWARY 


o' 


7 


Test ID : NASA RELOAD R/H 
Acct No. 36-64W-N6-1O0O 
Kotor No. 101 
Crain No. 3457 


< 


Pro. 

Ueb 


vgt. 






5349.7002 

1,0000 


$rm 

In. 


aV 7J 
• > V 


ft r ’ft 




P J 


Ignition Delay ( 0 - 10X) 
Action Time (10X • 10X) 
Total Time (0*0) 


TIME VALUES 
(seconds) 


0.0349 

2.5928 

2.6473 

INTEGRALS 


Firing NuTfeer 02530 


Date Tested 
Cond. Tenp. 
krb ) ent Tenp. 
Rel Humidity 
larometer 


4*Dec*92 

70.00 Deg. 

34.00 Deg. 

35.00 X 
29.90 inNg 


Ignition Rise 
Sum Time 


(10X 

(10X 


75X) 

TAN) 


0.0252 

2.5592 


AVERAGES 


CNN ID 

TOTAL 

ACTION 

8URN 

ACTION 

8URN 

MAXIMUM 

00 mss*1 (PSJA) 

1650.0 

1648.9 

1640.3 

636.0 

640.9 

802.0 

01 PRESS-2 (PSIA) 

1648.0 

1646.9 

1638.3 

635.2 

640.2 

802.6 

02 THRUST-1 (LBP ) 

2766.3 

2765.6 

2750.7 

1066.7 

1074.8 

1242.6 

03 THRUST-2 (LBf ) 

2746.9 

2746.2 

2731.5 

1059.2 

1067.3 

1235.1 


Observed Burn Rate • 0.3907 in/sec. 8 
Specific Impulse ■ 234.5541 (bf'S/lbn 
Action / Burn Time ■ 1.0131 


640.9 psia 






NASA RELOAD 


Ballistic Analysis 
of 

ROHM and HAAS Motors 
13 and 14 


INTRODUCTION 

On December 17, 1992 two Rohm and Haas motors (F/N’s 02586 and 02587) were fired 
from NASA Reload Batch 3467. This mix was an 86% solids, 16% aluminum, HTPB 
formulation with a bi-modal (200/20 micron) AP distribution in a 70/30 ratio. From this 
batch, full scale Motors 4, 5, 7 and 8 were also cast. There were no anomalies noted in the 
firings. 

ANALYSIS RESULTS 


The firing data was processed using the standard firing analysis code to determine the motor 
burning rate and burning rate exponent. Firing number 02586 used an eroding nozzle 
throat made from Durez. Firing number 02587 used a non-eroding, ATJ graphite throat 
The burning rate exponent with the non-eroding throat provides an accurate burning Tate 
value at the motor average operating pressure. 

Based on the analysis of F/N 02586, the burning rate exponent was determined to be 0.4163. 
Based on the analysis of F/N 02587, the burning rate was determined to be 0.3292 
inches/second at 497 psi. Using these results, the burning rate equation for this mix is: 

r = 0.02483 Pc 04,M 

Full scale motor maximum pressure was calculated by comparing burning rates, exponents 
and propellant thermochemical properties to the mix 3 full scale motor. This was done 
using a mass balance equation, with a 3.8% scale factor applied to the subscale burning rate. 
This value was required to calibrate the calculation to the actual mix 3 full scale motor. 
The calculated full scale maximum pressure for batch 3467 is 596 psi which is below the 
requirement of 720 psi. This batch should yield acceptable performance in full scale motors. 


ATTACHMENT 10 



TEST DATA REPORT 

NASA RELOAD R/H 


t>Z 5^'^Z5S7 

firing npssB pec? -e? oo ^- 

FIRING DATEsDECEMBER 17,1992 


STATIC TESTS 


PRODUCT RS5URRNCE RPPROVRLs 




ATLANTIC RESERRCh corp 
5945 WELL ] NGTON RORD 
GAINESVILLE. VR 22065 

PROPULSION TEST GROUP 

DECEMBER 17,1992 


SPECIFICATION*. 
ORTA REDUCTION* 


Jj/t. 

for/tte. . .Qdlkd 



ENGINEERING APPROVALS.. 




\ • 

'■} 




Ignition Delay { 0 - 10X) 0.030S 
Action Time (10X - 10X) 2.9557 
Total Tice (0*0) 3.0113 


CNN 10 

TOTAL 

INTEGRALS 

ACTION 

00 PRESS-1 (PSIA) 

1634.6 

1633.2 

01 PRESS-2 (PSIA) 

1639.2 

1637.$ 

02 THRUST-1 (LIF ) 

2561.6 

2560.9 

03 THRUST-2 (LIF ) 

2557.5 

2556.6 


Ignition Kite (10X - 90X) 0.0396 

lurn Tine C10X - TAN) 2.9088 

AVERAGES 


6UXN 

ACTION 

SURN 

MAXIMUM 

1622.1 

552.6 

537.7 

637.3 

1626.7 

554. 1 

559.2 

636.5 

2544.0 

666.5 

674.6 

1005.4 

2539.6 

665.0 

673.1 

1003.1 


Observed 8urn Rata « 0.3400 In/tec. 8 557.7 p«la 


Specific Impulse » 227.1721 lbft/lb» 


Action / Kurn Time a 1.0161 


PAQC m 
Op POOP QUALITY 




J33IIS HOIlVUUOJHI JS3X 



•i^iNcnnnc 



I 




Test ID : NASA RELOAD R/H 

Acct No. 38-6464-N6-1000 

Motor No. mc>8 

Crain No. 3487 

Mro. Vgt. 5167.2998 grans 

«**> 0.9990 In. 


TEST DATA SUWARY 


TIME VALUES 
(seconds) 


^^Ignitfon Delay ( 0 * 
-Action Ties (10* - 
Total Tiae ( 0 * 

CNN 10 

00 PRESS-1 (PSIA) 

01 PRESS-2 (PSIA) 

02 THRUST *1 (IBP ) 

03 THRUST-2 (IBP ) 


10X) 
10X) 

0 > 

TOTAL 

1532.5 

1535.1 

2498.3 

2491.9 


0.0774 

3.1177 

3.2238 

INTEGRALS 
ACTION 

1531.2 
1533.9 
2497.8 
2491.5 


Tiring Nmt*r 02587 
Date Tested 17-Dec-92 
Cend. Temp. 70.00 Deg. 
Arfclent Temp. 48.00 Deg. 
Rel Humidity 100.00 X 
Barometer 30.10 inM( 


Ignition Rise 
Burn Tine 


(10X 

(10X 


90*) 

IAN) 


0.0540 

3.0637 


AVERAGES 


BURN 

1518.0 

1520.6 

2478.7 
2472.6 


ACTION 

491.1 
492.0 

801.2 
799.2 


BURN ' 

495.5 

496.3 

809.1 

807.1 


MAXIMUM 

516.6 

517.2 

1160.8 

1173.5 


r 

r 


Observed Burn Rate « 0.3261 irv/sec. 8 49$. 5 ptia 

Specific Impulse » 219.3088 Ibf-s/ltm 

Action / Burn Tiine ■ 1.0176 






NASA RELOAD 


Ballistic Analysis 
of 

ROHM and HAAS Motors 
(PBAN Mix 2) 

I S' 4- I io 


INTRODUCTION 

On February 18, 1993 two Rohm and Haas motors (F/N's 02724 and 
02725) were fired from NASA Reload Batch 3502. This mix was an 86% 
solids, 16% aluminum, PBAN formulation with a bi-modal (200/20 
micron) AP distribution in a 70/30 ratio. From this batch, full 
scale motor DM-06 was also cast. There were no anomalies noted in 
the firings. 


ANALYSIS RESULTS 

The firing data was processed using the standard firing analysis 
code to determine the motor burning rate and burning rate exponent. 
Firing number 02725 used an eroding nozzle throat made from Durez. 
Firing number 02724 used a non-eroding, ATJ graphite throat. The 
eroding throat firing provides an accurate assessment of the 
burning rate exponent while the non-eroding throat provides an 
accurate burning rate value at the motor average operating 
pressure. 

Based on the analysis of F/N 02725, the burning rate exponent was 
determined to be 0.3401. Based on the analysis of F/N 02724, the 
burning rate was determined to be 0.361 inches/second at 550 psi. 
Using these results, the burning rate equation for this mix is: 

r - 0.04222 Pc 0,401 

Full scale motor maximum pressure was calculated by comparing 
burning rates, exponents and propellant thermochemical properties 
to the mix 2 full scale motor. This was done using a mass balance 
equation, with a 3.8% scale factor applied to the subscale burning 
rate. This value was required to calibrate the calculation to the 
actual mix 2 full scale motor. The calculated full scale maximum 
pressure for batch 3502 is 652 psi which is below the requirement 
of 720 psi. This batch should yield acceptable performance in full 
scale motors. 


ATTACHMENT 11 



TEST DATA 


REPORT 


NASA RELOAD R/H 


Firing Ho. t 02724-02725 
Firing Date t 18-FEB-1993 
Motor Ho. i 30, RTJf-111 


RB DATA 



ATLANTIC RESEARCH CORPORATION 
5945 Wellington Road 
Gainesville, VA 22065 

February 19, 1993 




NASA RELOAD 
MOTOR HO. 36 
PRESS-1 — o — PRESS-2 


hug * 12 

THRUST-1 


FIRING NO. 62724 
C/T 76 
THRUST-2 


lB-Feb-33 



l.oww 


Z.UW6 3.6006 

TIME (SECONDS) 


4.6600 


5.6666 


TXil DATA SUXKAJtX 



T*lt ID : JULIA RELOAD 

Acct Vo. 3I IIUJH&00 

Motor Vo. 30 

Crain Vo. 3502 

Fro. Vgt. 3266.2010 grin 

»*b 1.0043 lm. 


TLKX VALURO 
(••condo) 


Firing Vunbor 02724 
Da to Ttitad UFab-n 

Cond* Tmap. 70.00 Dog. W 
A&bl«nt Ta*p. 21.00 Dog. 9 
M V unidlty 33.00 % 
ItroMUr 29.7V lnlg 


Ignition D«l*y ( • - 10%) 0.0349 

Action TIN cm - 10%) 2.933V 

Total T1 n ( V - 0 ) 2.93V3 


Ignition (10% - 75%) 0.0196 

lum TIN (10% - TAR) 2. VIM 




I im ORALS 


AVERAGES 


CSV ZD 

TOTAL 

ACTIOS 

9URV 

ACTIOS 

VURV 

maximum 

00 FK2SS-1 (PIU) 

1350.0 

1550.0 

1543.6 

547.0 

549.0 

626.9 

01 PRESS-2 (F8IA) 

1337.4 

1337.3 

1550. • 

549.6 

550.6 

629.9 

02 TKRU5T-1 (LVF ) 

2654.9 

2654.9 

2644.2 

936.9 

916.7 

1126.6 

03 TKRU5T-2 (LVF ) 

2622.6 

2622.5 

2612.1 

923.6 

927.3 

1121.2 

Observed Burn Rato • 

0. 

.3566 ln/a»c. 

S 549. 

.0 pals 




Specific Icpuln# • 
Action / Burn T1 n • 


228.6712 Ibf-s/lfaa 
1.0060 




Tilt ID l RA1A RZLQAD 

Acet Bo. 36 - 6464 -V6- 1000 

Motor lo. JOT-UX 

Crain «o. 3502 

Pro. Vgrt* 5545.6206 grtM 

*•0 0.9940 la. 


TX3T DATA tlMOXT 


TIMS VALORS 
(MCODdl) 


Firing Vuabax 02725 
Data Taatad 16-PaD-B) 
Coed. Tmap. 70.00 Dag. P 
Aabiant Top, 26.00 Dag. f 
Pal luaidity 65.00 % 
Baroaatar 29.76 laBg 


Ignition Onlay ( 0 - 10%) 0.0769 
Action Tlaa (10% - 10%) 2.7524 
Total Tlaa ( 0 - 0 ) 2. 1571 


CBS 

20 


TOTAL 

XKTI ORALS 
ACTIOS 

00 

PRESS-1 

(P3IA) 

1661.1 

1666.5 

01 

PRESS-2 

(PS1A) 

1672.5 

1670.1 

02 

TKAUST-1 

(LAP ) 

2695.6 

2691.9 

03 

thrust-2 

(LBP ) 

2665.) 

2663.0 


Ignition Via# (10% - 75%) 0.0224 

Bora Tlaa (10% - TAJ) 2.6906 

AVXJUGB6 


BURS 

ACTIOS 

BUM 

MAXIMUM 

1650.6 

605.0 

613.4 

607.0 

1654.0 

607.0 

615.0 

•07.0 

2667.0 

076.7 

OOl.f 

1267.6 

2636.5 

067.0 

060.6 

1254.0 


0.3694 ln/aec. | 
220.4624 lbf-a/lta 
1.0229 


Otaarvad Burn Rata • 
Specific Irpulaa • 
Action / Burn Tlaa • 


611.4 pa la 




MOTOR INFORMATION CHART 


MOTOR # 

SERIAL# 

BATCH# 

MIX DATE 

1 

SOSM-01 HTPB/21 5 

B-09479-T 

12/2/92 

2 

S0SM-02 HTPB/173 

B-09722-5 

11/11/92 

3 

SOSM-03 HTPB/19.0 

3457 

11/18/92 

4 

SOSM-04 HTPB/16.0 

3467 

12/4/92 

5 

SOSM-05 HTPB/16.0 

3467 

12/4/92 

6 

SOSM-06 PB AN/1 6.0 

B-09750-T 

12/3/92 Not Shipped 

7 

SOSM-07 HTPB/16.0 

3467 

12/4/92 

8 

S0SM-08 HTPB/16.0 

3467 

12/4/92 

9 

SOSM-09 HTPB/19.0 

3457 

11/18/92 

10 

SOSM-10 HTPB/19.0 

3457 

11/18/92 

11 

S0SM-11 HTPB/19.0 

3457 

11/18/92 

12 

SOSM-12 HTPB/19.0 

3457 

11/18/92 

13 

SOSM-13 HTPB/19.0 

3457 

11/18/92 

14 

SOSM-14 PBAN/16.0 

3502 

2/1/93 


ATTACHMENT 12 



PROPELLANT COMPOSITION 


MOTOR #00 (DEMO MOTOR) 
SERIAL # SOSM-OO HTPB/16.0 


PERCENT 

INGREDIENT 

10.558 

R45 (HTPB) 

0.150 

TEPAN (BONDING AGENT) 

2.000 

DOA 

0.500 

FE203 

16.000 

AL 

0.025 

MGO 

49.000 

AP200 

21.000 

AP20 

0.717 

IPDI 

0.025 

TPB 

0.025 

MALEIC ANHYDRIDE 

100% 



ATTACHMENT 13 


PROPELLANT COMPOSITION 
MOTOR #1 

SERIAL # SOSM-Ol HTPB/21.5 


PERCENT 

INGREDIENT 

8.937 

R45 (HTPB) 

0.150 

TEPAN (BONDING AGENT) 

2.000 

DOA 

0.200 

FE203 

21.500 

AL 

0.025 

MGO 

46.550 

AP200 

19.950 

AP20 

0.638 

IPDI 

0.025 

TPB 

0.025 

MALEIC ANHYDRIDE 

100% 



ATTACHMENT 5 


MBI0J1#2 



PROPELLANT COMPOSITION 


MOTOR #2 

SERIAL # SOSM-02 HTPB/17J 


PERCENT 

INGREDIENT 

8.937 

R45 (HTPB) 

0.150 

TEPAN (BONDING AGENT) 

2.000 

DOA 

0.200 

FE203 

17.500 

AL 

0.025 

MGO 

49.350 

AP200 

21.150 

AP20 

0.638 

IPDI 

0.025 

TPB 

0.025 

MALEIC ANHYDRIDE 

100% 



MB1051.-92 



PROPELLANT COMPOSITION 

MOTOR #3,9,10,11,12,13 

SERIAL # SOSM-03 HTPB/19.0 
SERIAL # SOSM-09 HTPB/19.0 
SERIAL # SOSM-10 HTPB/19.0 
SERIAL # SOSM-11 HTPB/19.0 
SERIAL # SOSM-12 HTPB/19.0 
SERIAL # SOSM-13 HTPB/19.0 


PERCENT 

INGREDIENT 

8.937 

R45 (HTPB) 

0.150 

TEPAN (BONDING AGENT) 

2.000 

DOA 

0.200 

FE203 

19.000 

AL 

0.025 

MGO 

48.300 

AP200 

20.700 

AP20 

0.638 

IPDI 

0.025 

TPB 

0.025 

MALEIC ANHYDRIDE 

100% 



MBl051r92 



PROPELLANT COMPOSITION 


MOTOR #4, 5, 7, 8 

SERIAL # SOSM-04 HTPB/16.0 
SERIAL # SOSM-05 HTPB/16.0 
SERIAL # SOSM-07 HTPB/16.0 
SERIAL # SOSM-08 HTPB/16.0 


PERCENT 

INGREDIENT 

10.804 

R45 (HTPB) 

0.150 

TEPAN (BONDING AGENT) 

2.000 

DOA 

0.200 

FE203 

16.000 

AL 

0.025 

MGO 

49.000 

AP200 

21.000 

AP20 

0.771 

IPDI 

0.025 

TPB 

0.025 

MALEIC ANHYDRIDE 

100% 



MB1051:92 



PROPELLANT COMPOSITION 


MOTOR # 14 

SERIAL # SOSM-14 PBAN/16.0 


PERCENT 

INGREDIENT 

11.980 

PBAN 

1.820 

DER 331 

0.200 

FE203 

16.000 

AL 

49.000 

AP200 

21.000 

AP20 


100 % 



DEVIATION A P P R OVAL REQUEST 


SHEET! OF _* 


I. FOB: DEVIATION SUMK 


2. FAOM CONT A ACTOR: 

Atlantic Research Corporation 


5. NOMENCLATURE: 

Strap-On Solid Motor 


». NONCONFORMANCE: 10. MRB ACTION NO.: 11. SERIAL NUMBER(S): 

2] minor □ major — S0SM-02 HTPD/17.5 

14. supplier or subcontractor (give name and address;: 


I | SUMMARY OF MINOR NONCONFORMANCES 


S. CONTRACT NUMBER: 4. RECUEST NUMBER: 

NASE-33663 ARC-1 


6. NUMBER: 


7. REVISION: 

8. DATE: 

12/23/52 

12. LOT NUMBER; 

mm 

13. QUANTITY: 

1 


IS*. SPECIFIED REQUIREMENTS: 

Pefurblshnent Specification 1. 

Maxirun Expected Operating Pressure (MEOP) 
• 720 psla 


16. DESCRIPTION OF DEPARTURE FROM REQUIREMENTS: 

Predicted MEOP for S0SM-02 • 750 psla 


17. REASON FOR REQUEST ANO/OR CORRECTIVE ACTION TAKEN: 

Calculated ME3P does not affect test series objectives or test firing safety due to 
r.-argln In factor of safety (approx. 4.0 for pri.ury failure mode) 


IB. REMARKS: 

No other no tors exceed MEOP requl rerent 


19. CONTRACTOR CERTIFICATION; THE CONTRACTOR HEREBY CERTIFIES THAT ThE ABOVE DESCRIBED DEVIATION IS A DEPARTUR 

THE CONTRACTUAL REQUIREMENTS IN THE QUANTITIES AND/OR CONDITIONS AS STATED ABOVE. 


NO COST ADJUSTMENT 


.COST ADJUSTMENT (EXPLAIN) 

/ 


_ Tint 

20. GOVERNMENT QUALITY ASSURANCE REPRESENTATIVE COMMENTS: 


siciaTum or auTHomitP * ucht ativc 



22. CONTRACTING OFFICER'S REPRESENTATIVE OR OTHER DULY 
DELEGATED AUTHORITY: 

S DISAPPROVAL (RECOMMENDEO) 

APPROVAL (RECOMMENDEO) ( M ?H) _ „ 

.' (WITHOUtT* PR ICE ^Aoju^TMENT. S 

^ * ~ ✓ y /> ; ~ 


23. CONTRACTING OFFICER: 

B approveo 

DISAPPROVED 

| SUBJECT TO CONDITIONS STATED ON MSFC FORM. 


MSFC - Form 14 7 (Rev. May lilt) 


SICMATUKC 


COPY *4 CONTRACTOR’S - RECORD Fi 


ATTACHMENT 14 












MATERIAL INSPECTION AND RECEIVING REPORT 


tr^r.^rf-** , - r *^ ry r* ^ z -- — ’l -"•«>*«* 

»KV-««»iD*.» Wit >«* **•%'»' »7 hk/Jki >»^<nT-»cu»n t «£“ wt^iw'cSwe 

» uti so joT ^n^^coM 


** * f*M 7 « 


' T^T». ^Ti C'tlT*? ,,v ~i * ,u " v,m 


I .AOC •rtn»^M|«r* c* * |COwiA*ri> 

NAS8- 38668 


WA\i*C 


* MVOKJ a*C f OAT| 


/ V«mwi«TNO 1 OATI MOT1D 

ARCOO 01 300CT92 

“ ^ 233923 

»o» 

• «*Mt COruno* COOf 

128244 " 1 

Atlantic Research Corporation 

5945 Wellington Road 


Gainesville, Virginia 

22065 


* I PAM 

l__ 

% oocomn firms 


• *ccint«a FCHirt 

D 


Q I Net 30 


SAME AS BLOCK 9 


» UWW1IIDIT 00,1..,.- 

DCKAO Baltimore JS2404A 

Attention: Chesapeake 
200 Towsontown Blvd., West 
Towson, MD 21204-5299 


U FATMIIT »xi m MAM tT OXH iDCCo' 

Financial Management Office 

George C. Marshall Space Flight Center, NASi 

Marshall Space Flight Center, AL 35812 


., “ ««J U .UUipw =-r- 

i&K^^^ta^Inlstratlon tiffS?"* ^ 

Marshall^Space Flight Center, At 35812 AU " : Rich,rd Thc "" pson Ep73 

" TO* 1“ ‘' 0CW “^2—r_ ^ 

“*•' I m*tt i r -f-ii— J 


l». U 

OUANtmr 

. shi>/mco* wrr 


AMOUNT 


Motor Case 

Nozzle Insert A0327004-100 
Retaining Ring 814236-03-01 




COMPACT OJALiTr ASSURANCE 


ORIGIN I — 



B ^*1 w ' v "* . - ® DtSTiNATON 

C0A U ACCCWANCI Of Hit t a It»mi OCQA0 ACCll>TANC£ofl l n.drt»m»K»ib*»f 

m*dt b/ m* Of u ntf«r my Syponrit.on m#dt by m t O' gndff my luMryij.oft and th*v 
R^th#yCOftfOfmtOCOHtfRCl 4 t*Ctpt«»ftottd conform to COHlfRCt, tUtpt RS nottd Ktr*m M Ml 
htrtm Of Of> luppOft»r>g docgmtfiti. Ivppofting docymofiti* 


ai RECEIVER S USE 

I Qur nt ft sb^<*ft in column 17 *ert r*<yrv^4 
,ft apparent good condition tictpt os nottd. 


KMtyg o» AJTn 40v1 RIP 


OAii Riaivto 
WfD RAMt 

*j« ona 


ft**AJy*i OP Ay In fcOVl RIP 


MGAAlyRi OP AUIn GOVT Rjp 


rr **0 *^U| 

AMO SPH1 


U CMfTRACOR WM »4T . 

38-6464^-"*" 
Packing List 233923 


tf ijUMfy'if} *C<4;*+d by |Af Co»f /j 

IRm j .j ycanff^ :Sipptd. -/ ( / > 

W . #r#nf * Rnfer acfvafguanfrtYf*. 
CR/vtcof/ow QyRfftVfy tAipp+^andf/yircJy. 


DO Form 2S0, DEC 81 


edrt**v «rv 06*<*IV. 


•w.fc. W' l »**a all Ah. 1 *. 
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□ □□ 


✓IKL 


nurihiik iiektilllll IOI pot cUIOII 

o subsidiary of Sequa Corporation 


SHIPPED 

FROM: 

A»C MROtMCC »ROUR 
|— — | WW CMCROKIlRyt 
I I AIUAHDRIA.V* llUHiii 

LJ TIL 

□ 

A"C R*0» UXONAl ten VICCS GNOUP 
•»M CMtROmi AVI. 

ALIKANDRIA, va. nilMHI 
TIL »U4f4«M 

a 

/•* 

•a a HMAI4RII 


RAX. rO)44Mlll 


f - ACCOUNTABILITY 




SHIPTO: 

PROPERTY OFFICER 

1 


NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
BUILDING 4471 

MARSHALL SPACE FLIGHT CENTER, ALABAMA 


L 


ATTN: RICHARD COOPER EP73 


358i2 


J 


VIRGINIA PNOPl/L&ON DlVNlON 
•Ml WriLLINOTON ROAD 
oa ink i villa, va. tmi im 
TCI- MM4I40M 
TWK. TC* TM-«tl 

PAK. n>44M»l 

Packing List 


Ho. 233923 


DATE SHIPPED 

10/30/92 


RFS# RP0001 


CUSTOMER OHOtH NO. 

NAS8-38668 

■ ILL or LADING NO. ' 

233923 

NJMBEROR CARTONS 
IN THU SHIPMENT _ . 

3 W/B 

SHIPPING CHARGES: 

PREPAID COLLECT 

XB □ 

FOB: 

SHIPPING pt. destination 

! □ □ 

GOV’T. CONTRACT NO. 

INSUHt ROA J 

WEIGHT J 

5000 # ESTIMATED 

A«C 0*Dt» NO. ' 

38-6464-N7-0000 

■ HIP VIA 1 

ROADWAY EXPRESS 

1 TB 

CUiE J 



ORIGINAL 









MATERIAL INSPECTION AND RECEIVING REPORT 


«*r S*m. O' 

1** * * * * ** ( 

<4y«<<w * c *^ *•* ,w 


,< k « .— .9, J» pr- **>» «*» «» ”**« .■"]» *7’; «'*? . ““JSC'S. 

. . tk* rMkkM./w, *kf rni 1 !'^ Mm**** •»*•**•»? v **r m»w O’ ,Kn l>N *00' 


ro- Kx -H<«.*4<CkJk.^ U •' 0»1K«M kw-^ix "»<*>'•'« W-v«T» b-mOkU 1» »"<•» * ^ ?*** * T? *71 * mni ” * 

Ml ,1 I1704K1 »•< to Ike 0"~f c'Mn^w .1 iiJkxa?! kipT'oen krkxnio. k.OiKl (0>M<J«ll DC HU) 

MtASt DO WQT BfTURN TOUR CQMMtTtP FORM TO IITHIR Of THIS! AODRtSttS 

TUnj | toktxki »o 4 mvcxci **o »o»n > wm I ®* • koi«f 

1 12 D 



«“*) 28244 


ATLANTIC RESEARCH CORPORATION 
5945 WELLINGTON ROAD 
GAINESVILLE, VIRGINIA 22065 


« a.\ 


S OfVCOUMT KAMI 


tCM 

. "■ 1 

B 

NET 30 

roof 1 Q9 LCiL A 




OFFICER . „„ 

RAGE 6 DEMOLITIONS BRANCH 

AL, SUPPORT ACTIVITY 
1A 35898-5330 


DCMAO BALTIMORE 

ATTENTION: CHESAPEAKE 

200 T0WS0NT0WN BLVD., WEST 

TOW SON, MARYLAND 21204-5299 


»2 PAYMENT Wiu §1 MADE IV COC * |bF52 

FINANCIAL MANAGEMENT OFFICE 

GEORGE C. MARSHALL SPACE FLIGHT CENTER, NASA 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 


W MARRED PO* COOf | 

ATTN: GARRETT VHALAN 

DCN H-9-EP-00215 


’’quantity 


FSCM 95335 MFR P/N: A0327001-002 REV. 

MOTOR ASSEMBLY 
S/N: S0SM-01— HTPB-21 .5, 
SOSM-02-BTPB-17.5, SOSM-03-HTPB-19.O, 
SOSM-04-BTPB-1 6 . 0 , SOSM-05-HTPB-16.0, 
S0SM-07-HTPB- 16.0, SOSM-08-HTPB-16 .0 , 
SOSM-09-HTPB- 1 9.0, SOSM- 1 0-BTPB-19 . 0 , 
SOSM-1 l-HTPB-19. 0 , SOSM-1 2-HTPB-19 .0 , 
SOSM-13-HTPB-19 .0 

ROCKET MOTOR, UNO 186, EXPLOSIVE 1.3C 

MFR P/N: 17411-1 

CARTRIDGE, IGNITER 
CARTRIDGES. POWER DEVICE, UN0323 



ll 

ft 

K 

UNIT 

UNIT PRICE 

amount 

EA. 

NSP 

NSP 

EA. 

NSP 

NSP 


A ORIGIN 

G CQa |~~1 ACCEPTANCE of lined ittm» 
t*en made by me O' under my supervision 
»r.d they conform to contract. eicept as noted 
herein or on supporting documents. 


CONTRACT QJASJTr ASSURANCE __ 

^ T 6 DESTINATION 

r of listed itcnu | 1 CQaXX] ACCEPTANCE of fitted items hat been 

r>der my supervision made by me or under my supervision end they 
ect. eicept av noted conform to contract, eicept it noted herein or on 
<umenu. supporting documents. 


22 RECEIVER'S USE 

Quantities Shown in column 17 were received 
in Apparent good condition eicept as noted. 


oate aicdvio 


TVPtO NAME 
AMO OtMCt 


WON A l uw CM AU1« &OV1 Mr 



mnatuiu or AutHCOVt ace 


rme mamc 
amd mu 


• ifqusntfTy rtctivtd by the Governments the 
same as qusntrvy ibipptd, iVWrcate by (/ ) 
mark, ifdifitrtnt, enter aciua/quantrty/e- 
cerved6e/ow Quantify ihipp+d andenorc/e. 


ij cowiunw use Omlv 

38-6464-N7-1000 
PACKING LIST NO. 


234039 


DO Form 250 , DEC 91 


Pittioui tdiUoni trt obsolttt. 











MATERIAL INSPECTION AND RECEIVING REPORT • coxtjkvatjox shcct 








Atlantic Research Corporation 

a subsidiary of St qua Corporation 


SHIPPED 

FROM: 

*»c Af *c*s**c« iiog» 

1 . IH« cmupuiavl 

I 1 ALt*A»lD*.A VA.miMMI 

1 J r *L. n)4i)4NC 
n»44»4Ul 

□ 

A»C HDFUltONAL HAVlCO ••DU* 
UHCNtBCHUIAvL ■ | 

ALCkandaia. VA Ulll’tMl (yr 

T * L- 7IU4I44M 

*AA. rW44|4«l| 

SHIP TO: 

r* TRANSPORTATION 

OFFICER 

n 


EXPLOSIVES STORAGE h DEMOLITIONS BRANCH 
BLDG. 8700 

REDSTONE ARSENAL, SUPPORT ACTIVITY 
REDSTONE, ALABAMA 35898-5330 


VIMOtmA HXWmJQW OtVMM 
•M» WI LU ^tok HOAD 
•AlNiAVitH, VA. ttm-iw* 

Tiu nu«l4M( 

Tmu. *1 

7IM4I4II1 

Packing List 


*>. 234039 


OATE SHIPPED 

92DEC23E 

RFS//RWP010 


’customer order no. 

•ill Or lading no. 

COMM B/L 

NUMltft OF CARTONS 

in This Shipment 

14 W/B 

SHIPPING CHARGES: 

PREPAID COLLECT 

XZk □ 

FOB: 

Shipping PT DESTINATION 

□ □ 

GOV'T. CONTRACT MO. 

NAS8-38668 

IMSURI fO* * 

WEIGHT 

4685.0 LBS. 

ARC O* OCR NO. 

38-6464-N7-1000 [ 

•hi r VIA 

MOTOR FREIGHT 

CURE 

148.09 CU. FT. 


CONTR, 

ITEM 

QUANTITY 
OR DE RED 

QUANTITY 

SHIPPED 

BACK 

ORDERED 

ARC PART 
NUMBER 

DESCRIPTION 

TOT- 

iL NET EXP1 

28 EA. 
OSIVE WT. 

1290.0 l: 

IS. 

SEE ATTACHED DD FORM 250 FOR A 
REQUIRED (ARC0002) 

.L INFORMA 

CION 


METHOD TRADEMARK AFFIXED LABEL (ZD TAG (ZD ENGRAVE CD CAST CD OTHER 

TRADEMARK APPLIED TO PRODUCT 1 I CONTAINER I I OTHER 


XXXJ SHIPMENT OF END ITEM 1 1 MATERIAL FURNISHED FOR FURTHER PROCESSING ON PO NO 

I 1 MATERIAL RETURNED FOR REPLACEMENT (ZD MATERIAL RETURNED FOR FULL CREDIT ON PO NO 

(ZD MATERIAL RETURNED FOR REPAIR ON P.O NO OTHER iSPEClFyt 

V - 

A«C-Alf 

- — - ORIGINAL- • ■ 













MATERIAL INSPECTION AND RECEIVING REPORT 


OMt m §*•**>*$ 


+ «v> fc «%<«**•* u h^* 9» |1 mmyi« m* it^k »«****§ lh>r V«r **» '*-^-•*9 *** /fK ^ ♦•**'*1 «<u i^iit 

. .. _ »«l> -*•*<• r*« *> i« > n >a >< i o*->c^ <% v* <ofi»n<^ o' 'on»s*for W mrf t*"* M«* <"•*“*■ wi *'•** o> #*n ewso» r«*"n D 1 IK* roM»rt*o* 

L ml-**** MW«Vh^v« •<* U D*t»"***c*t •* Orif^rf He«**«**m W^«n ^*»'« ♦o' Oov\o~s **4 tlH 

r j ju W »^iir v* NXMKI *n# m O^ff o' M » -^e-r-^en l^t P'Dr«o |0’tk*-C?«l) WcUwnfio*. DC 10 SC) 

PVtAll DO HOT RCTURII Y0U« COMMTID »ORM TO CITHER Of THESE ADDRESSES. 


I noc. wirauMtrP KXk K0«i»ACT) j WOHIHO I * twvOKI *0 *0*11 I »*M J 0» • *CCirt»i»Cf «»N1 

NAS8-38668 I 1 1 D 


i t>mi m MO 


| OAH M n »10 


ARC0003 


93MAR08E 


* (OVIKMOOM COCK j 28244 

ATLANTIC RESEARCH CORPORATION 
5945 WELLINGTON ROAD 
GAINESVILLE, VIRGINIA 22065 


II D n » n O FRO— ptmw tft— ft COM 

SAME AS BLOCK 9 


t mcouki iww 
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FINANCIAL MANAGEMENT OFFICE 

GEORGE C. MARSHALL SPACE FLIGHT CENTER .NASA 

MARSHALL SPACE FLIGHT CENTER, AL. 35812 


W31P4Q 
TRANSPORTATION OFFICER 
EXPLOSIVES STORAGE 6 DEMOLITIONS BRANCH 
BLDG 8700, REDSTONE ARSENAL SUPPORT ACTIVITY 
REDSTONE, ALABAMA 35898-5330 


»* STOCKS A.RT NO. DESCRIPTION 


FSCM 95335 MFR P/N: A0327001-002 REV. 

MOTOR ASSEMBLY (P-BAN) 

S/N: S0SM-14-PBAN-16.0 

ROCKET MOTOR, UN0186, EXPLOSIVE 1.3C 


MFR P/N: 17411-1 

CARTRIDGE, IGNITER 

CARTRIDGES, POWER DEVICE, UN0323 


PROPELLANT SAMPLE 
PROPELLANT EXPLOSIVE, SOLID, 


CLASS "B" EXPLOSIVE 


SHIPPED IN 3 W/B GROSS WT 440.0 LBS. 


,, CONTRACT QUALITY ASSURANCE 
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herein or on supporting documents. 
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supporting document!. 
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RECEIVER'S USE 

Quantities shown in column 17 were received 
in ftpperent good condition except •* noted. 
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TRANSPORTATION OFFICER 

EXPLOSIVES STORAGE AND DEMOLITIONS BRANCH 
BLDG. 8700 

REDSTONE SUPPORT ACTIVITY 

REDSTONE ARSENAL, ALABAMA 35898-5330 
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METHOD TRADEMARK AFFIXED LABEL □ TAG □ ENGRAVE □ CAST □ OTHER 

TRADEMARK APPLIED TO PRODUCT □ CONTAINER I I OTHER . 


7^X1 SHIPMENT OF END HEM □ MATERIAL FURNISHED FOR FURTHER PROCESSING ON P.O. NO. 

I I MATERIAL RETURNED FOR REPLACEMENT □ MATERIAL RETURNED FOR FULL CREDIT ON P.O. NO _ 

j I MATERIAL RETURNED FOR REPAIR ON P.O. NO OTHER (SPECIFY) 
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NASA Reload Program 


*VTa&*j) ' " 1 

Marshall Byington 


rtUa»Muii Rw^nfoTSJSTSJ InTTEoTThR; 1 
Atlantic Research Corporation 
5945 Wellington Road 
Gainesville, VA 22065 
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National Aeronautics & Space Administration 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, AL 35812 
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Final Report prepared and distributed IAW 
contract requirements. ARC has made no other 
distribution, nor places any limitation on 
a vai labi 1 i ty to the public. 

Atlantic Research Corporation (ARC) contracted with NASA to manu- 
facture and deliver thirteen small scale Solid Rocket Motors (SRM) 

These motors, containing five distinct propellant .formulations, will be 
used for plume induced radiation studies. The information contained here 
summarizes and documents the program accomplishments and results. 

Several modifications were made to the scope of work during th« 
course of j^ e Program. The effort was on hold from late 1991 throu 
August 1992 while propellant formulation changes were developed. 
Modifications to the baseline program were completed in late-August 
and Modification No. 6 was received by ARC on September 14, 1992 1 

modifications include changes to the propellant formulation and the 
nozzle design. The required motor deliveries were completed in late - 
Dec. 1992. ARC agreed to perform an additional mix & cast effort ^ 
Tr^ ^r. 'f fcr A SA ~ & ' an0ther moto r -delivered in March, 199J. 

SRM (Solid Rocket Motors) | 

Propellant Composition 
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